Abstract This research is focused on assessing the feasibility of the new and innovative microwave sintering technology for fabricating iron-chromium composites prepared via powder metallurgy route. Accordingly, the microwave sintered iron-chromium compacts was benchmarked against conventional sintered counterparts fabricated in other researches. We also studied the viability of yttria reinforcement to the iron-chromium composites with varying weight fraction from 5 to 20 %. Comparison on the end properties were also being made on the unreinforced iron-chromium matrix (0 wt. % of yttria). The result revealed that the microwave sintered iron-chromium composites possess improved density and micro hardness value. Process evaluation also revealed that microwave assisted sintering can lead to a reduction of 70 % of sintering time when compared to conventional sintering. The micro hardness property of microwave sintered iron-chromium was slightly improved with 5 wt. % addition of yttria, although the density and compressive strength were reduced with increasing content of the ceramic particulates. Most importantly, the study has established the viability of microwave sintering approach used in place of conventional sintering for iron based powder metallurgy composites.
Introduction
Powder metallurgy (PM) method has many advantages particularly in the purpose of fabricating particulate-reinforced metal matrix composites. This is because PM offers material and energy saving, high productivity, part dimensional accuracy and near net shape fabrication especially in the case of producing complex parts [1] . Aside from that PM processing consists of simple steps of powder mixing, compacting and sintering. Through PM route, the mechanical properties of many metal-based materials have been successfully improved by addition of ceramic particulates as reinforcement in the form of oxides and carbides [2, 3, 4] . Alumina (Al 2 O 3 ) and silicon carbides (SiC) are the most commonly used as reinforcement to enhance the end properties of PM metal matrix composites (MMCs).
Common methods used to improve the strength of iron include alloying and the addition of stiffer and stronger ceramic and/or metallic reinforcements. Iron (Fe) matrix composites reinforced with hard ceramic particles are of interest due to several advantages in terms of mechanical properties, easy fabrication and low cost. Research published on iron matrix composites with yttria (Y 2 O 3 ) reinforcement is very limited. However, there are some reported studies on Y 2 O 3 dispersed stainless steel composites [5] and yttria-alumina garnet (YAG) particulates prepared by microwave sintering method [6] . The latter reported improvement in mechanical properties with the addition of the ceramic particulates. Elsewhere, Y 2 O 3 also has been incorporated into lightweight materials such as magnesium and magnesium alloys to achieve better properties [7, 8] . Y 2 O 3 are thermodynamically stable at elevated temperatures. With the thermal stability characteristics added in the MMCs, it suggests minimal reaction between matrix and reinforcement which leads to good interfacial integrity [9] .
To give better corrosion resistance, chromium (Cr) was added as alloying element in many alloy composites for example stainless steel. A study elsewhere reported that surface oxidation of chromium causes diffusion of with ceramic reinforcement added such as alumina, which forms strong bonds between the grains and improve the corrosive resistivity of the composite [10] .
Recently there have been efforts in adopting the innovative microwave technology for sintering of PM MMCs. Microwave technology is an emerging technology that can be used for rapid heating of several types of materials. However, there are limited studies on microwave sintering of metals. This is due to the occurrence of arcing phenomenon when bulk metals are exposed to microwave energy which consequently damages the equipment [11] . Because of this, research on adopting microwave technology is mainly focused on processing of food, ceramics and polymers.
Accordingly, the aim of this study is to determine the feasibility of microwave technology for sintering Fe-Cr composite compared to conventional sintering. Fabrication and characterization of Y 2 O 3 reinforced Fe-Cr composites to determine the end properties namely the microstructure, bulk density, micro hardness and compressive strength were also done.
Materials and experimental methods
The composites were prepared by powder metallurgy route. The properties of materials used in this study are listed in Table 1 . Pure Fe powder was used as the matrix material. 12 wt. % of Cr was added on all composites as alloying element to give better corrosion resistance [2] . The composites were prepared by mixing different proportion of Y 2 O 3 reinforcement into Fe-Cr composites. For ease of identification, the composites were labeled as listed in Table 2 . The initial matrix powder, together with reinforcement was then tubular mixed for 30 minutes with rotational speed of 100 rpm. The mixed powder was poured into 12-mm die and uni-axially pressed at a pressure of 750 MPa. To minimize friction, compaction process was carried out using zinc stearate as a die wall lubricant. For comparison purpose, unreinforced Fe-Cr composites (W0) were prepared as well. The green compacts were sintered for 20 minutes at 1200°C with a heating rate of 50°C/min in a 900W, 2.45 GHz microwave sintering furnace.
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Advanced Materials Conference (AMC 2012) Following the sintering process, the specimens were examined for any visible defects such as cracks or warping. Micro structural characterization studies were conducted using Scanning Electron Microscope (SEM) and Energy Disperses Spectrometer (EDS) to determine the distribution of reinforcement and presence of elements. Bulk density and apparent porosity of the composites were obtained using standard Archimedes principles referring to ASTM B962-08. The micro hardness test was performed using a Vickers indenter under a test load of 0.3kgf and a dwell time of 10 s in accordance with the ASTM E384-99. Compressive strength was determined in accordance to ASTM E9-09. The maximum compression force at 50% specimen strain with corresponding compression stress is obtained. The stress -strain curve plotted for each specimen was used to study the compression behavior of the composites.
Results and discussion
Part 1: Comparison of differences in processing of microwave sintering and conventional sintering of Fe-Cr composites.
The density of microwave sintered Fe-Cr composites that were sintered at faster heating rates are comparable with conventional sintered counterparts in spite of the significant reduction of sintering time as shown in Table 3 . Improvement in density in the case of microwave sintered specimen is evident which is closer to theoretical density of the composite (7.76 g/cm 3 ). The improved densification may be contributed by wetting formation between Fe and Cr ( Figure 1 ) which enhances the interfacial bonding between matrix. The interface strength depends on the interfacial bonding that plays a major role in the behaviour of the composite. In MMC, poor bonding commonly leads to premature failure, for example interfacial cracking or cavitations, whereas a high bonding strength allows stress transfer from the matrix to the stronger reinforcing particles [12] .The results also revealed that there is a large improvement of micro hardness value with microwave sintered composites. This finding is consistent with the results of other researches where it has been shown that microwave sintered metal compacts have higher hardness than their conventionally sintered counterparts [13, 14] .
Advanced Materials Research Vol. 879 The disadvantage of conventional sintering method is the requirement of holding time at intermittent temperature to reduce thermal variation and long soaking time for sintering [15, 16] which eventually increase the total processing time of specimens up to 2 hours (Table 3) compared to microwave sintered specimens.
Part 2: Characterization of microwave sintered Fe-Cr and Fe-Cr-Y 2 O 3 composites

Macrostructural characteristics
Physical observation conducted on the as sintered specimens revealed absence of defects such as circumferential or radial cracks and warping for both sintering techniques' specimens. This explains the suitability of the sintering setups for both techniques. Unwanted defects may yield from improper sintering setups such as prolong sintering duration and unsuitable environment; which could accelerate the oxidation and exhibit cracks on specimen's surface. The internal cavity of the microwave furnace was vacuumed and filled with nitrogen (N 2 ) gas during sintering process. N 2 was reported to be the most effective environment for microwave technique [17] . Hampshire et. al. [18] reported that N 2 reacts with the sintering process by lowering the eutectic temperature and enhance the diffusion kinetics, thus enhancing the sintering process. Figure 2 (Figure 1 (d) & 1 (e) ). This is caused by poor wetting formation between Fe-Cr and Y 2 O 3 particulates thus deteriorates the mechanical properties. As discussed in Part 1 the wetting formation between particles could enhances the diffusion kinetics between particles and is important to improve the strength of composites [12] . Another effect of reinforcement clustering on the composite is a decrease in bulk density and an increase in porosity [2] . EDX analysis of W1 specimen in Figure 3 confirmed the existence of Fe as the bright areas; the grey contrast areas represent Cr and white phases as Y 2 O 3 elements. Shankar and Upadhyaya reported the same outcome in which sintered density of PM stainless steel composites improved when Y 2 O 3 was added greater than 5% of the composite's weight [5] . The density dropped beyond 10% of reinforcement addition. This is evident from the increasing appearance of pores on the composites (Figure 2 (d) & (e) ).
Microstructural characteristics
Mechanical Characterization
In Figure 5 , the micro hardness of Fe-Cr composites continue to rise with increasing addition of Y 2 O 3 and reached optimum value at 5 wt. % reinforced Fe-Cr composite Figure 5 ). This leads to higher constraint on the localized matrix deformation [15] . The thermal stability at high temperature characteristic possessed by Y 2 O 3 also could be the main reason for providing good interfacial integrity between matrix and reinforcement [9] . Another factor could be the short time required for sintering reduced interfacial reaction and grain coarsening in the matrix as reported in Reference [7] .
The compressive strength of the composites was determined by obtaining the maximum stress of each composite at 50% of specimen strain. The presence of reinforcement, however, did not improve the compressive strength of the composites ( Figure 6 ). The unreinforced Fe-Cr composite exhibits highest maximum stress and continue to drop with the increasing amount of the ceramic reinforcement. Although the presence of the hard ceramic particles helps to increase hardness of the composite, the poor wetting formation, Y 2 O 3 agglomeration and increasing appearance of pores (Figure 2(c) -(e)) however did not help improving the strength of the composites. The factor that contributes to the reduction of compressive strength could be the reduced density of the composites. Achieving near dense MMCs are important criteria for having a composite with good end properties [19] . 
Conclusion
In the presence study, microwave sintering of PM Fe-Cr-Y 2 O 3 composites was successfully accomplished. The results of the study clearly show the following:
• The micro hardness and bulk density of Fe-Cr composite are improved in the case of microwave sintered specimens; • The improved hardness properties of the microwave sintered composite may be due to improved density and wetting formation between Fe and Cr.
• Densification behavior of Fe-Cr composites reduced with the increasing amount of reinforcement, although it is observed that the density slightly improved for W2 specimen (FeCr-10 wt. % Y 2 O 3 ).
• The reduction of density could also be identified with increasing amount of pores (Figure 2 ).
• Micro hardness of Fe-Cr-Y 2 O 3 improved and optimized at 5 wt. % of Y 2 O 3 addition ( Figure 5 ).
• The compressive strength of Fe-Cr composites decreased with the addition of Y 2 O 3 .
